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FRACTURING LIQUID DELIVERY HOSE A method for manufacturing the fracturing liquid delivery 
FOR RECOVERY OF SHALE OIL AND GAS , hose for recovery of shale oil and gas includes the following 
AND MANUFACTURING METHOD AND steps . 
CO - EXTRUSION MOLD THEREOF ( 1 ) Forming a cover layer with an adhesive layer by 

5 extrusion , which includes extruding particles used to form a 
CROSS - REFERENCE TO RELATED cover layer and a first adhesive layer by two extruders into 

APPLICATIONS a co - extrusion mold to form a co - extruded first laminate 
layer , subjecting the co - extruded first laminate layer to 

The present application is a continuation of U.S. patent cooling , pulling and squashing the co - extruded first laminate 
application Ser . No. 14 / 347,188 , filed on Mar. 25 , 2014 , layer to form a first flat tube . i.e. , the cover layer with the 
which is a U.S. National Stage entry under 35 U.S.C. § 371 first adhesive layer where the first adhesive layer has a 
of International Application No. PCT / CN2013 / 086105 , filed thickness of 0.10-0.35 mm and the cover layer has a thick 
on Oct. 29 , 2013 , designating the United States of America , ness of 0.5-4.0 mm . 
which claims priority to Chinese Patent Application No. ( 2 ) Forming an inner lining layer with an adhesive layer 201310489537.4 , filed on Oct. 18 , 2013 , each of which is 15 by extrusion , which includes extruding particles used to hereby incorporated by reference . form an inner lining layer and a second adhesive layer by the 

BACKGROUND two extruders into a co - extrusion mold to form a co 
extruded second laminate layer , and subjecting the co 

Technical Field 20 extruded second laminate layer to cooling , pulling and 
squashing the co - extruded second laminate layer to form a 

The present invention relates to a fracturing liquid deliv second flat tube , i.e. , the inner lining layer with the second 
ery hose for recovery of shale oil and gas and manufacturing adhesive layer , where the second adhesive layer has 
method and co - extrusion mold thereof and falls within the thickness of 0.10-0.35 mm and the inner lining layer has a 
field of fluid delivery equipment . 25 thickness of 0.5-4.0 mm . 

( 3 ) Separately treating the surfaces of the co - extruded first 
Related Art and second laminate layers in Step ( 1 ) and Step ( 2 ) , which 

includes immersing the first and second laminate layers in a The hydrofracturing technology is the only method avail solution for physical permeation prior to use , where the 
able for commercial recovery of shale oil and gas at present 30 solution is formulated from a curing agent and solvent , and 
which relates to filling a high pressure liquid in a bore well a mass ratio of the curing agent to the solvent ranges to cause a terrane to fracture . A propping agent in the high between 10:90 and 30:70 . pressure liquid allows a crack to hold up to serve as a high ( 4 ) Forming an enhancement layer , which includes weav speed permeation channel for oil - gas drilling well . The ing a tubular enhancement layer according to product design fracturing liquid used in the hydrofracturing method avail- 35 
able for recovery of shale gas essentially includes water , specification . 
sand and chemical additives ( salts and some emulsifying ( 5 ) Bonding the cover layer with the enhancement layer to 
agents ) with the content of water and sand being 99 % or form a tubular third laminate layer , which includes pulling 
more . An amount of the fracturing liquid used for exploita the surface - treated cover layer with the first adhesive layer 
tion of shale gas is very high and a fracturing liquid of 4-5 40 in Step ( 3 ) , that is , the first laminate layer into the tubular 
million gallons ( 1 gallon corresponds to about 3.78 L ) is enhancement layer fixing both ends of the tubular enhance 
required for each of the shale gas bore wells to make shale ment layer and the pulled - in first laminate layer , introducing 
rupture . a steam of 0.10-0.35 Mpa into the tubular enhancement layer 

Presently a metal pipe is commonly used for long distance with the pulled - in first laminate layer for 4-10 minutes , and 
delivery ( about miles ) for recovery of shale oil and gas 45 discharging the steam while introducing air into the tubular 
which has disadvantages of high workload for layout diffi enhancement layer with the pulled - in first laminate layer to 
culties in laying out on topographically complicated zones replace the steam , maintain the air pressure therein and cool 
such as slope ravine and pond , and more severely , soil the tubular enhancement layer with the pulled - in first lami 
pollution can be caused by water leakage from pipe cou nate layer to a desired temperature , such that the tubular 
plings susceptible to cracking . 50 third laminate layer is formed by the tubular enhancement 

layer and the first laminate layer . 
SUMMARY ( 6 ) Turning the tubular third laminate layer of Step ( 5 ) 

inside out , so that an inner surface of the tubular third 
To solve the problems mentioned above , an objective of laminate layer of Step ( 5 ) becomes an outer surface of the 

the present invention is to provide a fracturing liquid deliv- 55 turned tubular third laminate layer . 
ery hose for recovery of shale oil and gas and manufacturing ( 7 ) Bonding the inner lining layer with the enhancement 
method and co - extrusion mold thereof , where the hose of the layer of the turned third tubular laminate layer , which 
present invention has layers strongly integrated to each other includes pulling the surface - treated inner lining layer with 
endures flexion , has long in service life , high resistance to the second adhesive layer in Step ( 3 ) , that is , the second 
high pressure , high flow rate in delivering liquid flowing 60 laminate layer into the turned tubular third laminate layer of 
therein , convenient connection , desirable weather - resistance Step ( 6 ) , fixing both ends of the turned tubular third laminate 
and chemical - resistance , and is suitable for various topog layer and the pulled - in second laminate layer , introducing a 
raphies . When not being used , it is flat , can be easily wound steam of 0.10-0.35 Mpa into the turned tubular third lami 
up and occupies small space during storage and transporta nate layer with pulled - in second laminate layer for 4-10 
tion . 65 minutes , and discharging the steam from while introducing 

The objective is achieved by the technical solutions as air into the turned tubular third laminate layer with the 
follows . pulled - in second laminate layer to replace the steam main 
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tain the air pressure therein and cool the turned tubular third extruding particles used to form the cover layer or inner 
laminate layer with the pulled - in second laminate layer to a lining layer . The first feed inlet penetrates through the 
desired temperature . housing and is connected to the gap between the shaft and 

In the method for manufacturing the fracturing liquid the distributor block . A mold case is arranged on the 
delivery hose for recovery of shale oil and gas , the cover 5 distributor block , where a gap exists between the mold case 
layer described in Step ( 1 ) uses Thermoplastic Polyurethane and the distributor block . The mold case is fixedly connected 
( TPU ) particles or a mixture of TPU and PolyVinyl Chloride to the housing , and the mold case has a second feed inlet 
( PVC ) and the inner lining layer described in Step ( 2 ) uses connected to an adhesive particle extruder for extruding 
TPU particles a mixture of TPU and PVC . PVC or a mixture particles used to form adhesive layer ( s ) . The second feed 
of PVC and butyronitrile , where for the mixture of TPU and 10 inlet penetrates through the mold case and is connected to 
PVC , a condition of a mass ratio of TPU to PVC ranging the gap between the mold case and the distributor block . A 
between 100 : 0 and 100 : 70 is satisfied ; for the mixture of clamping ring is provided between the distributor block and 
PVC and butyronitrile , a condition of a mass ratio of PVC the housing . 
to butyronitrile ranging between 100 : 0 and 100 : 70 is satis 
fied . In Step ( 1 ) and Step ( 2 ) the particles used to form cover 15 Advantageous Effects 
layer and inner lining layer are extruded at temperature of 
150-210 ° C. , and the particles used to form the first and 1. The fracturing liquid delivery hose for recovery of 
second adhesive layers are extruded at temperature of 140 shale oil and gas according to the present invention includes 
175 ° C. from outer to inner , the cover layer , the enhancement layer 

In the method for manufacturing the fracturing liquid 20 and the inner lining layer , where the first and second 
delivery hose for recovery of shale oil and gas , a color adhesive layers are used for bonding between the cover layer 
concentrate is also added to the particles used to form the and enhancement layer and between the enhancement layer 
cover layer and the inner lining layer described in Step ( 1 ) and the inner lining layer , respectively . The cover layer and 
and / or Step ( 2 ) . A mass ratio of the cover layer particles or the inner lining layer may be designed to be of different 
the inner lining layer particles to the color concentrate 25 materials , with the inner lining layer using materials having 
ranges between 100 : 0.5 and 100 : 1.5 , and then the cover resistance to chemical and oil corrosion , and the cover layer 
layer particles or the inner lining layer particles are stirred to using materials having resistance to weather , ozone , wearing 
be blended with each other uniformly and dried . and piercing , to maximize the advantages of each of the 

In the method for manufacturing the fracturing liquid various materials . As an embodiment of the present inven 
delivery hose for recovery of shale oil and gas , the enhance- 30 tion . TPU is used in both the cover layer and the inner lining 
ment layer described in Step ( 4 ) is woven from layer , which are bonded to the enhancement layer by the 
TERYLENE® brand polyethylene terephthalate filaments , adhesive agent by physical and chemical cross - linking , and 
nylon filan its , aramid ers , a mixture of TERYLENE® an anti - peeling strength against of the hose can achieve 8 
brand polyethylene terephthalate filaments and nylon fila KNI . The layers of the hose are strongly integrated to each 
ments or a mixture of TERYLENE®® brand polyethylene 35 other , and remain bonding strongly to each other after a long 
terephthalate filaments and aramid fibers . time of service . The hose has significantly improved flex 

The method for manufacturing the fracturing liquid deliv ibility and service life . The process according to the present 
ery hose for recovery of shale oil and gas further includes invention is simple in operation , high in efficiency , high in 
passing the turned tubular third laminate layer through productive capacity and low in investment . 
rollers to perform surface processing on the turned tubular 40 2. The hose produced by the method of the present 
third laminate layer . invention is light in weight desirable in ductility , wear 

The fracturing liquid delivery hose for recovery of shale resistant , corrosion - resistant , weather - resistant , can be con 
oil and gas manufactured by the method is characterized in nected to various standard fasteners , easily wound up , and 
that it includes from outer to inner : the cover layer , the easily assembled and disassembled . The inside - out turning 
enhancement layer and the inner lining layer , where bonding 45 process is used for the hose according to the present inven 
between the cover layer and the enhancement layer and tion , with a length of more than 200 meters and inner 
between the enhancement layer and the inner lining layer are diameters of 200 mm ( 8 " ) , 250 mm ( 10 " ) , 300 mm ( 12 " ) , 
achieved by the first and second adhesive layers , respec 400 mm ( 16 " ) , 600 mm ( 24 " ) or other various specifications . 
tively . 3. In the present invention , the first and second adhesive 

In the fracturing liquid delivery hose for recovery of shale 50 layers enable firm bonding between the cover layer and the 
oil and gas , the cover layer has a thickness of 0.5-4.0 mm , enhancement layer and between the inner lining layer and 
the enhancement layer has a thickness of 1.5-5.0 mm , the the enhancement layer , leading to improved anti - peeling 
inner lining layer has a thickness of 0.5-4.0 mm and each of strength , higher overall integration of the hose and improved 
the first and second adhesive layers has a thickness of service life . In the present invention , the inside - out turning 
0.10-0.35 mm . 55 process is carried out by laminating the cover layer and the 

In the fracturing liquid delivery hose for recovery of shale first adhesive layer by mechanical co - extrusion to form a 
oil and gas , the enhancement layer is woven by warp threads first laminate layer , immersing the first laminate layer in the 
and weft filaments or fibers to be of tubular shape . curing agent solution , pulling the first laminate layer into the 

In the fracturing liquid delivery hose for recovery of shale enhancement layer , bonding the first laminate layer with the 
oil and gas , the copper wire is woven uniformly along an 60 enhancement layer , turning the bonded layers inside - out , 
axial direction in the enhancement layer for antistatic effect . passing the turned bonded layers through rollers to perform 
A co - extrusion mold includes a housing equipped with a surface processing on the turned bonded layer , sand lami 

shaft therein . A distributor block is provided below the shaft nating the inner lining layer and the adhesive layer by 
and has a lower part in a shape of a frustum . A gap exists co - extrusion to form a second laminate layer , immersing the 
between the shaft and the distributor block . The distributor 65 second laminate layer in the curing agent solution , pulling 
block is fixedly connected to the housing . The housing has the second laminate layer into the cover layer / enhancement 
a first feed inlet connected to a TPU particle extruder for layer and bonding at elevated temperature and pressure . The 
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process is advantageous in that the cover layer and inner cooling , pulling and squashing the co - extruded first laminate 
lining layer can use different materials according to their layer to form a first flat tube , i.e. , the cover layer with the 
respective functions , and the operation is easy and with high first adhesive layer where the first adhesive layer has a 
efficiency . thickness of 0.10-0.35 mm and the cover layer has a thick 

4. In the present invention , a special co - extrusion mold is 5 ness of 0.5-4.0 mm . 
designed to achieve easy operation and high efficiency . ( 2 ) Forming an inner lining layer with an adhesive layer 

by extrusion , which includes extruding particles used to 
BRIEF DESCRIPTION OF THE DRAWINGS form the inner lining layer and a second adhesive layer by 

two extruders into a co - extrusion mold to form a co 
FIG . 1 is a schematic illustration of the structure of the 10 extruded second laminate layer , and subjecting the co 

co - extrusion mold of the present invention . extruded second laminate layer to cooling , pulling and 
squashing the co - extruded second laminate layer to form a 

DETAILED DESCRIPTION second flat tube , i.e. , the inner lining layer with the second 
adhesive layer , where the second adhesive layer has a 

Embodiment 1 15 thickness of 0.10-0.35 mm and the inner lining layer has a 
thickness of 0.5-4.0 mm . 

The fracturing liquid delivery hose for recovery of shale ( 3 ) Separately treating the surfaces of the co - extruded first 
oil and gas includes from outer to inner , a cover layer , an and second laminate layers in Step ( 1 ) and Step ( 2 ) , which 
enhancement layer and an inner lining layer , where bonding includes immersing the first and second laminate layers in a 
between the cover layer and the enhancement layer and 20 solution for physical permeation prior to use , where the 
between the enhancement layer and the inner lining layer are solution is formulated from a curing agent and ethyl acetate , 
achieved by first and second adhesive layers , respectively . and a ratio of the curing agent to the ethyl acetate ranges 

The cover layer has a thickness of 0.5 mm , the enhance between 10:90 and 30:70 . In this embodiment , the adhesive 
ment layer has a thickness of 5.0 mm , the inner lining layer particles are TPU hot melt adhesive . Specifically , UB410B 
has a thickness of 4.0 mm , and each of the first and second 25 from Lubrizol Corp. is used in this embodiment . The curing 
adhesive layers has a thickness of 0.35 mm . agent in this embodiment is a material named diphenylmeth 

The enhancement layer is woven by warp and weft ane diisocyanate ( MDI ) , and BASF M20S is adopted . The 
filaments or fibers to be of tubular shape . curing agent ( having an active NCO ) can be bonded firmly , 

through physical permeation and chemical reaction at a 
Embodiment 2 30 certain temperature and pressure , to the TERYLENE® 

brand polyethylene terephthalate filaments which has a 
This embodiment is different from Embodiment 1 in that , hydroxyl group . The amino - isocyanate of nylon can serve as 

the cover layer has a thickness of 4.0 mm , the enhancement active site readily reacting with hydroxyl and amino groups 
layer has a thickness of 1.0 mm , the inner lining layer has a to form carbamate and urea structure , which also firmly 
thickness of 4.0 mm , and each of the first and second 35 bond together by physical permeation and chemical reaction 
adhesive layers has a thickness of 0.10 mm . The material of at certain temperature and pressure . The treated aramid fiber 
the warp and weft filaments or fibers is nylon . can contain amino and isocyanate groups , which can also 

firmly bond through physical permeation and chemical 
Embodiment reaction with the curing agent at a certain temperature and 

40 pressure . 
This embodiment is different from Embodiment 1 in that , ( 4 ) Forming an enhancement layer , which includes weav 

the cover layer has a thickness of 2.5 mm , the enhancement ing a tubular enhancement layer according to product design 
layer has a thickness of 3.5 mm , the inner lining layer has a specification . 
thickness of 2.5 mm , and each of the first and second ( 5 ) Bonding the cover layer with the enhancement layer to 
adhesive layers has a thickness of 0.25 mm . Moreover , two 45 form a tubular third laminate layer , which includes pulling 
copper wires are uniformly distributed along an axial direc the surface - treated cover layer with the first adhesive layer 
tion in the enhancement layer . Addition of copper wires in Step ( that is , the first laminate layer , into the tubular 
achieves antistatic effect . enhancement layer , fixing both ends of the tubular enhance 

ment layer and the pulled - in first laminate layer , introducing 
Embodiment 4 50 a steam of 0.10-0.35 Mpa into the tubular enhancement layer 

with the pulled - in first laminate layer for 4-10 minutes , and 
This embodiment is different from the preceding embodi discharging the steam while introducing air into the tubular 

ments in that , eight copper wires are uniformly distributed enhancement layer with the pulled - in first laminate layer to 
along an axial direction in the enhancement layer . In other replace the steam , maintain the air pressure therein and cool 
embodiments , a number of the copper wires can be 3 , 4 , 5 , 55 the tubular enhancement layer with the pulled - in first lami 
6 or 7 . nate layer to a desired temperature such that the tubular third 

laminate layer is formed by the tubular enhancement layer 
Embodiment 5 and the first laminate layer . 

( 6 ) Turning the tubular third laminate layer of Step ( 5 ) 
A method for manufacturing the fracturing liquid delivery 60 inside out so that an inner surface of the tubular third 

hose for recovery of shale oil and gas includes the following laminate layer of Step ( 5 ) becomes an outer surface of the 
steps : turned tubular third laminate layer . 

( 1 ) Forming a cover layer with an adhesive layer by ( 7 ) Passing the turned tubular third laminate layer from 
extrusion , which includes extruding particles , used to form Step ( 6 ) through rollers to perform surface processing on the 
the cover layer and a first adhesive layer by two extruders 65 turned tubular third laminate layer . 
into a co - extrusion mold to form a co - extruded first laminate ( 8 ) Bonding the inner lining layer with the enhancement 
layers , subjecting the co - extruded first laminate layer to layer of the turned third tubular laminate layer , which 
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includes pulling the surface - treated inner lining layer with shaft 2 and the distributor block 4. The adhesive is fed 
the second adhesive layer in Step ( 3 ) , that is , the second through the second feed inlet 7 and flows out along the gap 
laminate layer , into the turned tubular third laminate layer of between the distributor block 4 and the mold case 5. The 
Step ( 7 ) , fixing both ends of the turned tubular third laminate lower part of the distributor block is in the shape of a frustum 
layer and pulled - in second laminate layer , introducing a such that a gap between a TPU extruding port and an 
steam of 0.10-0.35 Mpa into the turned tubular third lami adhesive extruding port is very small , thereby allowing the 

adhesive to be attached on the outer layer of the produced nate layer with pulled - in second laminate layer for 4-10 TPU tube to form a final product obtained at high tempera minutes , and discharging the steam while introducing air ture . into the turned tubular third laminate layer with pulled - in 
second laminate layer to replace the steam , maintain the air 10 Embodiment 9 pressure therein and cool the turned tubular third laminate 
layer with pulled - in second laminate layer to a desired In the co - extrusion mold described in Embodiment 8 , a temperature . clamping ring 3 is provided between the distributor block 4 

In this embodiment , the cover layer and the inner lining and the housing . 
layer are made of TPU , specifically , a polyether type TPU , What is claimed is : 
named R185A , of Lubrizol Corp. 1. A liquid delivery hose , comprising : 

a first tube including a cover layer and a first adhesive Embodiment 6 layer , the first adhesive layer being attached inside the 
cover layer ; This embodiment is different from Embodiment 5 in that , 20 a second tube including a lining layer and a second the cover layer uses polyether type TPU ( R185A of Lubrizol adhesive layer , the second adhesive layer being Corp. ) the inner lining layer uses liner PVC ( medical grade attached outside the lining layer , wherein the lining PVC of Shanghai Chloro - Alkali Chemical Co. , Ltd. ) or a layer of the second tube includes Thermoplastic Poly mixture of PVC and butyronitrile ( medical grade PVC of urethane ( TPU ) , a mixture of TPU and Polyvinyl Shanghai Chloro - Alkali Chemical Co. , Ltd. , the Powder 25 Chloride ( PVC ) , or a mixture of PVC and butyronitrile ; Nitrile Butadiene Rubber ( PNBR ) is LG830 of LG Chemi and cal , a mass ratio of PVC to powdered butyronitrile ranges a third tube having an inner surface and an outer surface , between 100 : 0 and 100 : 70 ) . wherein the third tube includes woven filaments , 

wherein the first adhesive layer of the first tube is bonded Embodiment 7 with the outer surface of the third tube , and the second 
adhesive layer of the second tube is bonded with the This embodiment is different from Embodiment 6 in that , inner surface of the third tube . the enhancement layer described in Step ( 4 ) is woven from 

TERYLENE® brand polyethylene terephthalate filaments , 2. The liquid delivery hose of claim 1 , wherein the first 
adhesive layer is bonded with the cover layer , and wherein : nylon or aramid fibers . the cover layer is formed by a plurality of first particles , 

Embodiment 8 the plurality of first particles being extruded by a first 
part of a co - extrusion mold ; and 

A co - extrusion mold , as shown in FIG . 1 , includes a the first adhesive layer is formed by a plurality of second 
housing 1 equipped with a shaft 2 therein . A distributor 40 particles , the plurality of second particles being 
block 4 is provided below the shaft and has a lower part in extruded by a second part of the co - extrusion mold . 
the shape of a frustum . A gap exists between the shaft 2 and 3. The liquid delivery hose of claim 2 , wherein the 
the distributor block 4. The distributor block 4 is fixedly plurality of first particles include a color concentrate . 
connected to the housing 1. The housing 1 has a first feed 4. The liquid delivery hose of claim 1 , wherein the cover 
inlet 6 connected to a TPU particle extruder for extruding the 45 layer of the first tube and the lining layer of the second tube are made of different materials . particles used to form the cover layer or inner lining layer . 
The first feed inlet 6 penetrates through the housing 1 and is 5. The liquid delivery hose of claim 1 , wherein : 
connected to the gap between the shaft 2 and the distributor the cover layer of the first tube includes Thermoplastic 
block 4. A mold case 5 is arranged on the distributor block Polyurethane ( TPU ) or a mixture of TPU and Polyvinyl 

Chloride ( PVC ) . 4 where a gap exists between the mold case 5 and the 50 
distributor block 4. The mold case 5 is fixedly connected to 6. The liquid delivery hose of claim 1 , wherein the third 
the housing 1 , and the mold case 5 has a second feed inlet tube is manufactured by weaving a tubular enhancement 
7 connected to an adhesive particle extruder for extruding layer using filaments or fibers including at least one of 
particle used to form adhesive layer ( s ) . The second feed inlet TERYLENE® brand polyethylene terephthalate filaments , 
7 penetrates through the mold case 5 and is connected to the 55 nylon filaments , and aramid fibers . 
gap between the mold case 5 and the distributor block 4. In 7. The liquid delivery hose of claim 6 , wherein the third 
operation , the shaft 2 rotates , and because the first feed inlet tube includes a copper wire woven along an axial direction 

of the tubular enhancement layer . 6 is connected to the gap between the shaft 2 and the 
distributor block 4 , TPU flows out along the gap between the 

30 

35 


